Inbred rat strains manifest remarkable differences in susceptibility/severity to autoimmune disease. MHC alleles strongly influence the pathogenesis of autoimmune disease in rats, but the precise mechanism(s) remain inadequately defined. The TNF␣ gene is located in the class III region of the MHC. Polymorphisms, influencing either the structure or expression of the TNF protein, might contribute to differences in autoimmune disease susceptibility/severity. We therefore sequenced the Tnf locus using genomic DNA from ACI, BB(DR), BN, DA, F344, and LEW rats that vary in susceptibility/severity to autoimmune diseases. We found 42 polymorphisms among these six strains. Although none of these polymorphisms are predicted to change the amino acid sequence of the TNF protein, several reside in potential non-coding regulatory regions and may influence expression levels. These polymorphisms may serve as good candidates for analysis of TNF expression to elucidate the mechanism(s) by which the MHC regulates susceptibility and/or severity of autoimmune diseases. Genes and Immunity (2001) 2, 229-232.
Inbred rat strains exhibit remarkable differences in their susceptibility to autoimmune disease models. 1 For example, DA, LEW, and BB(DR) rats develop severe erosive arthritis with many features that resemble rheumatoid arthritis (RA) following immunization with type II collagen. Conversely, ACI, BN, and F344 rats are resistant to or develop only mild collagen-induced arthritis (CIA). Interestingly, this pattern of strain susceptibility and resistance extends to other rat models of autoimmune disease such as adjuvant-induced arthritis (AIA), pristane-induced arthritis (PIA), experimental allergic encephalomyelitis (EAE), and experimental autoimmune uveitis (EAU). 2 CIA-susceptible DA and LEW rats tend to be highly susceptible to AIA, PIA, EAE, and EAU, whereas CIA-resistant F344 and BN rats are relatively resistant to these additional autoimmune diseases. These observations support the hypothesis that some regulatory genetic factors are shared among multiple autoimmune diseases.
We and others have reported that MHC alleles strongly influence the pathogenesis of CIA in rats. [3] [4] [5] [6] [7] Highly significant linkage to the MHC has been demonstrated in rats not only for CIA, but also for other forms of experimental arthritis including AIA, PIA, and oil-induced arthritis (OIA). 1, 5, [8] [9] [10] Similar significant linkage has also been reported for several other experimental autoimmune diseases such as EAE and EAU. 2 Despite this well-known linkage, the actual mechanism by which the MHC regulates susceptibility/severity to autoimmune diseases induced by a variety of unrelated agents in these rat models remains inadequately defined.
Tumor necrosis factor ␣ (TNF) is a potent pro-inflammatory cytokine with a wide range of activities. It plays a critical role in the pathogenesis of inflammatory or autoimmune diseases. 11 Inhibition of TNF is both preventative and therapeutic for AIA and CIA, [12] [13] [14] [15] and blockade of TNF is highly beneficial for RA patients. 16 The gene encoding TNF is located within the class III region of the MHC in humans, mice, and rats. In view of its biological effects and gene location, it has been suggested that polymorphisms in the TNF gene might contribute to the MHC association with autoimmune disease observed in humans, mice, and rats. Numerous polymorphisms in the human TNF and the mouse Tnf loci have been reported, including several polymorphisms associated with TNF expression differences. 17 Polymorphisms in the rat Tnf locus, however, have not yet been reported.
In the present study, we sequenced the Tnf gene using genomic DNA from ACI, BB(DR), BN, DA, F344, and LEW inbred rats. We found 42 polymorphisms (36 single nucleotide polymorphisms (SNPs), three simple sequence length polymorphisms and three deletions) among these six strains. These nucleotide variants were located in one exon, as well as the introns, the promoter region, the 3Ј-untranslated region (3Ј-UTR), and the 3Ј flanking region of the rat Tnf gene.
The Tnf genomic DNA nucleotide sequence differences we identified among six rat strains are shown in Figure Figure 1 Comparisons of the Tnf genomic DNA nucleotide sequences from BN (GenBank accession number AF329984), F344 (AF329986), BB(DR) (AF329983), ACI (AF329982), DA (AF329985), and LEW (AF329987) rats. The nucleotide numbering is from the BN strain sequence. Bold type highlights polymorphisms that are not unique to the BN strain. The locations of the promoter, exons, introns, and 3'UTR are predicted from the published rat sequence (GenBank accession number D00475). Asterisks show the locations of nucleotides that were identical in all six rat strains but different from the published rat sequence (rat strain not specified). These locations are at BN strain nucleotide numbers . Rat genomic DNAs were prepared from either tail snips and/or liver with a DNA isolation kit (DNeasy, Qiagen, Valencia, CA, USA). PCR amplification of the rat genomic DNAs was performed (Table 1 ) using the Advantage-GC genomic DNA PCR kit (Clontech, Palo Alto, CA, USA). The PCR conditions were 1 min at 95°C for one cycle; 30 s at 95°C, 3 min at 60°C, and 3 min at 70°C for 35 cycles; followed by 6 min at 70°C. The PCR products were column purified with a GeneClean Spin kit (Bio101, Carlsbad, CA, USA) and sequenced by Dye Terminator chemistry on an ABI PRISM 377 automated DNA sequencer (Seqwright, Houston, TX, USA). Analysis of the sequence data was carried out using Sequencher version 3.0 software (Gene Codes Corporation, Ann Arbor, MI, USA). All polymorphisms were confirmed with genomic DNA and/or cDNA derived from a second animal of the same strain. The microsatellite (AC) n repeat numbers were confirmed using D20Wox3, a microsatellite marker for the rat Tnf locus. 18 1a and 1b. At many sites throughout the locus, the nucleotide in the published sequence (strain not specified) differed from the corresponding nucleotide found in all six rat strains we analyzed. The locations of these differences are indicated in Figure 1a and 1b. The BN nucleotide sequence was more similar to the pub- Primers were designed for amplification of 12 overlapping fragments of the rat Tnf gene with Primer version 3.0 software (http://wwwgenome.mit.edu/cgi-bin/primer/primer3.cgi) and the published genomic sequence of the rat gene. 19 The PCR primers were tagged with M13 forward, TGTAAAACGACGGCCAGT, or M13 reverse, CAGGAAACAGCTATGACC, to permit direct sequencing of the PCR products.
Genes and Immunity lished rat sequence 19 than the other five strains. Furthermore, 33 of the 42 polymorphisms among the six strains we sequenced were differences between BN and the other five strains, indicating that the BN strain is more distantly related to the other five strains than they are to one another. None of the Tnf gene polymorphisms, however, changed the predicted amino acid sequence of the TNF protein.
In the 5Ј promoter region (Figure 1a ), we found a microsatellite (AC) n repeat length polymorphism at nucleotide 334 and 2 SNPs at nucleotides 298 and 395. LEW rats have the longest AC repeat, while BN rats have the shortest repeat at this location (Figure 1a) . It has been suggested that microsatellite repeats within promoter regions may be involved in regulation of gene expression with increased repeat length associated with increased gene transcription. 20, 21 We have reported significant MHC-linked QTLs that influence CIA in F 2 (DA × F344), 4, 5 (DA × BN), 6 and [BB(DR) × BN] 7 rats. The microsatellite region in CIA-susceptible DA rats is longer than in CIA-resistant F344 and BN rats. Its length in CIAsusceptible BB(DR) rats is also greater than in BN rats. It will be interesting to determine whether the microsatellite length polymorphisms observed here alter TNF expression, which could potentially influence both arthritis susceptibility and severity.
Within the four Tnf gene exons, we found polymorphisms only in exon 4, at nucleotides 2030, 2180, and 2246. At all three positions, the BN nucleotide differed from the nucleotide found in the five other strains ( Figure  1b) . These nucleotide differences, however, did not result in predicted amino acid changes, suggesting that the TNF protein is well conserved among inbred rat strains.
In the Tnf gene 3Ј-UTR (Figure 1b) , we found seven SNPs between BN and the other five strains. Some of these polymorphisms may be important because the 3Ј-UTR has been reported to regulate the stability and translation of TNF mRNA in mice. 22, 23 Four additional SNPs and a 3-base deletion were identified in the genomic DNA sequence immediately 3Ј of the Tnf gene.
In the Tnf gene introns (Figure 1a and 1b) , we found 20 SNPs, a 17-base deletion, a one-base deletion, and 2 (G)n length polymorphisms among the six rat strains.
In summary, we sequenced the Tnf gene using genomic DNA from ACI, BB(DR), BN, DA, F344, and LEW rats that vary in susceptibility/severity to various experimentally induced autoimmune diseases. We found 42 polymorphisms among these six strains. Although none of these polymorphisms are predicted to change the amino acid sequence of the TNF protein, several reside in potential non-coding regulatory regions and may influence expression levels. The polymorphisms reported in this study may therefore serve as good candidates for analysis of TNF expression to elucidate the mechanism(s) by which the MHC regulates susceptibility and/or severity of autoimmune diseases.
